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Introduction 
Corrosion of steel-reinforced concrete structures is a common phenomenon of our ageing infra-
structure. Patch repairs are commonly employed as a repair technique for reinforced concrete 
structures due to their simplicity and low capital cost. However, their durability has been ques-
tioned (Nounou and Chaudhary 1999) as a result of future corrosion damage which in many 
cases has been attributed to the phenomenon of “incipient anodes”. 
 
It has been argued that the incipient or ring anode is occurring due to macrocell corrosion ef-
fects (Broomfield 1997, Page and Sergi 2000). Following cleaning of the steel reinforcement 
from corrosion deposits and the application of a new and alkaline repair material the steel within 
the patch repair will repassivate. The “sacrificial” cathodic protection offered to the surrounding 
steel (cathodes) from the corroding spot (anode) has now been removed. However, the steel in 
the parent concrete surrounding the repair area will still be at risk either from residual levels of 
chlorides or an advanced carbonation front. Due to this residual risk corrosion may initiate in 
these areas of steel in parent concrete around the patch repair and form new anodes around the 
perimeter of the patch repairs. 
 
The aim of this work was to examine the on-site performance of patch repairs from a full-
scale reinforced concrete structure in order to identify the factors affecting the formation of in-
cipient anodes.  
Methodology 
This section describes the details of the parent structures selected, the materials utilised and the 
testing regime. 
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ABSTRACT: Patch repairs are a common repair technique for corrosion-damaged reinforced 
concrete structures. However, this repair method is sometimes associated with limited durability 
and in many cases further corrosion damage has been noted around the repaired patches, a 
phenomenon known as the “incipient anode” effect. The aim of this work was to examine the on-
site performance of patch repairs from a full-scale reinforced concrete structure in order to iden-
tify the factors affecting the formation of incipient anodes. The results indicate that even after 
250 days following application of the repair, the steel within several of the repairs investigated re-
tained more negative potentials than the surrounding steel in the parent concrete, indicating that 
the formation of incipient anodes is not necessarily attributed to an electrochemical imbalance. 
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Structures 
A multi-storey reinforced concrete car park (MSCP) was used to examine the factors affecting 
the formation of incipient anodes on concrete patch repairs. The car park was refurbished due to 
extensive corrosion damage and a large number of concrete repairs were available for experi-
mental purposes. Its typical structural arrangement is illustrated by Figure 1. 
 
 
Figure 1: One-way spanning slab – MSCP structural arrangement 
 
The MSCP exhibited significant structural damage due to chloride induced corrosion.  This was 
evident both on the decks and soffits with exposed reinforcement and significant concrete 
spalling. In addition, the structure suffered from a significant amount of dynamic cracking and 
water ingress through the expansion joints. The chloride analysis testing indicated that 85% of 
the test locations throughout the car park had chloride levels exceeding the suggested threshold 
of 0.3% by weight of cement (DMRB 1990). In several cases chloride concentration was up to 
2.92% by weight of cement even at a depth of 30 to 55 millimetres with an overall slab depth be-
tween beams of 80 mm and typical cover to the reinforcement of only 15-20 mm. 
Testing Regime 
The performance of the repairs was assessed by means of surface potential mapping. Measur-
ing steel potentials against the potential of a standard reference electrode is a well established 
non-destructive monitoring technique (Stratful 1957, Elsener 2001, Concrete Society 2004, 
ASTM 2009). 
 
A portable Ag/AgCl/0.5M KCl reference electrode was used for the testing together with a 
high impedance multi-meter. Direct steel reinforcement connections were not always possible 
and for this reason a connection was made to the adjacent surface mounted steel fences follow-
ing localised cleaning of the steel fence.  
Repair Materials 
Table 1 describes the details of the repair materials used for the concrete repairs. For commer-
cial reasons the materials cannot be named directly. However, their chemical constituents and 
properties are described. 
 
Both repair materials complied with the requirements of BS EN 1504-3 (2005) and have im-
proved characteristics with regards to capillary absorption, residual chloride ion content, elastic 
modulus and restrained shrinkeage/expansion. 
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Table 1: Repair materials details 
Material Repair location Chemical Base and Characteristics 
A Deck Flowable polymer-modified concrete 
B Soffits &  
vertical faces 
Class R3 (British Standards Institution 2009b), Hand-
placed polymer-modified cementitious high build repair 
mortar. 
Primer Various Brush applied cement-modified epoxy resin 
 
Results 
This section describes the findings obtained from the potential mapping monitoring of the con-
crete patch repairs.  
 
Figure 2 illustrates the potential mapping results for a concrete patch repair using Material A af-
ter a period of 10 and 30 days. It can be observed that following the repair, the potentials of the 
steel within the repair area were pushed to more negative values. 
 
 
Figure 2: Potential mapping monitoring of material type A on MSCP repair Nr 498 
 
Figure 3 illustrates performance monitoring of a repair using Material A over a period of 248 
days. It can be observed that even after 248 days following repair the steel potentials within the 
patch area were depressed more negatively than the potentials in the parent concrete.  
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Figure 3: Potential mapping monitoring on MSCP repair Nr 98 
 
Figure 4 illustrates the steel potentials for a repair using Material B in conjunction with a steel 
primer. It can be observed that the steel potentials within the patch moved to more negative val-
ues as opposed to steel in the parent concrete.  
 
Figure 4: Potential mapping monitoring on MSCP repair Nr 1976 
Discussion 
Examining the performance of Material A it was observed that the potentials of the steel within 
the patch repair remained more negative than the potentials of the steel in the parent concrete 
even after approximately 250 days. The use of flowable polymer-modified concrete appeared to 
have a permanent effect on the steel potentials within the patch repair. Material B had similar 
characteristics to Material A but it was used in conjunction with an epoxy primer steel coating to 
promote adhesion between the repair material and parent concrete. It was observed that even 
after 80 days, steel potentials within the patch repair remained more negative than potentials of 
steel in the adjacent parent concrete.  
 
Oxygen availability has a significant effect on steel potentials as restricted oxygen access will re-
sult in a sharp drop in steel potentials (Elsener 2001). The majority of modern repair materials 
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have special formulations of selected additives in order to reduce shrinkage cracking effects dur-
ing the hardening process which usually also results in lower permeability characteristics. As a 
result, following application of a repair material the patch repair area will have very low oxygen 
availability which can also contribute to very negative potential steel values. 
 
The results presented by the current study appear to be in line with the study by Cleland et al 
(1997) and Nounou and Chaudhary (1999) and steel potentials within the repair area may be 
depressed permanently to more negative values as opposed to steel in the parent concrete. Fur-
thermore, a previous study by Elsener (2001) also reported that steel potentials on repairs utilis-
ing polymer modified concrete may be permanently depressed to very negative values. 
 
Upon closer examination at the interface of the various repairs, a number of micro-fractures 
were identified. Such a typical occurrence can be illustrated by Figure 5. These micro-fractures 
occurred despite the application of quality control procedures to ensure installation was in ac-
cordance with the repair material manufacturer recommendations and use of curing agent to as-
sist the hydration process. 
 
 
Figure 5: Observed micro-fracture at the repair interface 
 
Chadwick (1993) in his PhD thesis also investigated the corrosion protection afforded by speci-
mens cast in two halves with a vertical construction joint. A major reduction in the corrosion pro-
tection was observed for the two-half specimens when compared to the single cast specimens. 
It was suggested that the interface between parent and repair material had a major influence in 
the formation of incipient anodes. 
 
It is therefore suggested that chlorides may penetrate easily the interface due to the formation of 
these micro-fractures and then diffuse preferentially to the parent concrete which will exhibit 
higher permeability characteristics, as opposed to the repair area. Together with the restricted 
oxygen access to the repaired area and the protection provided to the steel by the freshly alka-
line repair material, incipient anodes may form preferentially in the parent concrete. 
Conclusions 
From the results obtained during this work the following conclusions may be drawn: 
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i) The use of polymer-modified cement-based repair materials may reduce the steel po-
tentials within the repair area compared with the potentials of the steel in the parent 
concrete. In addition, the use of steel primers will result in similar occurrences. 
ii) Micro-fractures can develop at the repair interface, thus potentially providing a path for 
chlorides to penetrate into the substrate (containing the reinforcement). The extent of 
micro-fractures will be dependent on surface preparation, application techniques and 
material properties. 
iii) When repairing full-scale structures, parent concrete will usually be significantly older 
and exhibit higher permeability compared with the repair material. The work reported in 
this paper suggests that this difference in material properties contributes to the forma-
tion of incipient anodes adjacent to the repairs. 
iv) This work suggests that the formation of incipient anodes is not necessarily due to 
electrochemical imbalance between parent and repair material but due to a difference 
in physical properties and micro-fractures. 
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